Recent measurements of the lasing energy as a function of temperature in high·purity GaAs laser~,;have attempted to investigate the relation between this energy and the one electron band gap. Because of a lack of precision in the position of the band gap at high temperature, these ·.measurements show strongly conflictillg results.
In this work, we report two sets of differential reflectivity ·measurements (electroreflectivity and piezoreflectivity) performed on GaAs under high resolution conditions. Both series of results give for the excitonic absorption edge at room temperature a value:
"--E = 1 .. 424 eV ± 0.002 eV which is about 20 me.V higher than the lasing 0 energy reported for the highest purity GaAs 'samples.
This result confirm that the lasing energy in GaAs is well below the one electron band gap. In addition, we show that this energy separation is an increasing function of temperature. Lastly we discuss * On leave from University of Montpellier -France. ** I. INTRODUCTION The origin of the lasing transition in ultra-pure GaAs is still an unsolved problem. Contrary to heavily doped P-N junctions in which the t~il density of states introduced by doping accounts for most of the [1] [2] [3] [4] charac.teristics of the device, · in ultra-pure GaAs different _mechanisms must be considered in order to account for the experimental observations. _At low temperature, theoretical calculations 5 ' 6 and experimental 7 investigations suggest that an excitonic transition is responsible for the la~er action. As the temperature increases, however, this laser action should be dominated by a direct band-to-band recombination 8 ' • . [9] [10] [11] process. · At liquid nitrogen temperature, various investigations initiated by Basov and co-workers, support well a model of band-to-band recombination but suggest that it must include many-body interactions in order to explain the experimental value of the lasing frequency. A . 12 . 13 careful study at 77°K has shown that the electron-electron interaction mainly accounts for the experimental observations. At room temperature the lasing frequency appears to have an even stronger shift and, in order to have a complete understanding of the mechanism responsible for the transition, two independent studies of its temperature dependence 14 15 have purity laser material (GaAs, Na+Nd ~ 10 em ) and an optical excitation method were used~ These authors measured both lasing energy and photoconductivity. At low temperature, they confirmed that the lasing frequency is ~ell below the band gap but now, as the temperature increases, the difference between the.lasing frequency and the band gap decreases.
At room temperature, the laser frequency and the band gap determined from photoconductivity both converge to 1.407 eV. This result would, therefore, support the idea of a simple bartd-to-band recombination.
Such a·conclusion of course depends on' our knowledge of the band gap vs temperature. In Table I Adding to this value an exciton energy of 3.8 mev 22 and comparing this result to the values given in Table i cm~3 ) is given on Fig. 3 .
In the case of E.R., the line shape observed strongly depends on the magnitude of the electric field and the determination of material parameters from an experimental spectrum is difficult. However, for
sufficiently low values of the modulating field, the experimental analysis is drastically simplified 26 : a simple measurement of the asymmetry ratio of both extrema permit an independent determination of the absorption edge and of the broadening parameter r.
In the case of our experimental spectrum of Fig. 3 GaAs are both far below the one electron band gap at room temperature.
We study in the next section the temperature dependence of this difference between the lasing energy and the gap energy. . cv
where Tis the transition probability, the subscript C,V and A refer to conduction band, valence band and acceptor states respectively and NA
is the acceptor concentration, shows that TCA begins to be important 17 -3 . 14 -3 only when NA ~ 10 em It remains almost negligeable with NA "' 10 em
Lastly, the spontaneous emission from the conduction band to_ acceptor states . 14 has been previously observed on intentionally doped p type samples with 17 -3 Na " ' 10 .em and in the temperature range of interest, its peak always shifts parallel to the band gap energy.
The possibility of a recombination at donor states is less easily dismissed. In all the zincblende semiconductors, the valence band. -a downward shift of the band gap (shrinkage) due to electronelectron interaction.
-an upward shift of the band gap mainly due to the filling of the conduction.band (Burstein shift). Under injection it appears in the conduction band a distribution of carriers which may be described by a. This equation is valid only if r , defined as the ratio of inter-carrier e .
spacing to the electronic Bohr radius in the crystal, is ,0..
For GaAs this corresponds to a limiting concentration of n ~ 10 17 cm-3
A similar but less important effect should also occur for the valence band.
With the heavy hole mass of GaAs, 34 the condition rh > 1 is never fulfilled in the range of injection studied and we can neglect this effect.
--To compute the temperature dependence of the lasing energy in pure GaAs, we must therefore calculate: a) the variation with temperatur-e of the· carrier concentration (injection) necessary to overpass the losses and to reach a total gain.
g ~ 1 in the cavity. We choose at threshold the experimental value: compa~ison of these values,calculated with various models,is given in Table III for a typical gain g = 50 cm-l Figure 5 shows in the -1 range 10 < g < 200 em the gain-current relations obtained in our calculation compared with those calculated by the nonparabolic model.
The two sets of curves are in fair agreement which justifies the approximation made.
In Fig. 6 we give in the same gain region 10 < g < 200 em , the dependence of gain vs injected carrier concentration at 80°K, 160°K and Eqs. (2) and (3), we then obtain the lasing energies given in Table IV and in Fig. 4 Fig. 5 , we also find aT ·dependence for the threshold current density needed to reach a constant gain. 
